Abstract-Wireless sensor networks (WSNs) comprise a wide variety of applications. In most of the applications, the sensor nodes are distributed in a hostile area and nodes in WSNs are energy constrained, once it is installed, it would be difficult to recharge the energy source of those sensor nodes. There are many solutions that can be used to overcome the energy limitation issue and one of the main solutions is the routing algorithm used in the network. Routing algorithms in WSNs are responsible for maintaining and discovering the suitable routes in the networks. 
I. INTRODUCTION
A Wireless Sensor Network involves a number of limited power, lightweight, and small size sensor nodes. The number of available sensor nodes within each WSN is varying based on the application that the network used for, the typical wireless sensor network is constructed by integrating multiple sensor nodes. Each of which mainly contains four parts, which are computing, communication, sensing, and power units [1] .
Various applications involve the implementation of WSNs including military, smart homes, environmental and healthcare applications. In most of those applications recharging the sensor node is impractical, difficult and sometimes impossible to recharge the sensor node battery. Therefore, a fundamental issue that highly probable to face the continuity of WSNs operation is limited power resources [2] . The largest portion of energy consumption in WSNs is happened due to the transmission of data packets, which is in proportion with the square of the distance from sender to the receiver [3] . Generally, there are two ways that can control the distance of transmission, which are the routing algorithm and the network topology. Using the suitable routing algorithm for a certain network topology can greatly affect the energy consumption in WSNs and consequently affect the network lifetime. There are different categories of routing algorithm and each category concerns about a specific issue in WSNs. The type of routing algorithms that concern about energy consumption and network lifetime is hierarchical routing algorithms. This study presents an enhanced routing algorithm, which is designed based on the energy efficient TSCP algorithm [4] .
The proposed work, Multiple Chain Based Routing Protocol (MCRP) splits the sensor network into several chains and functions within two phases. Four performance metrics are used to examine the performance of the proposed algorithm and compare it to the existing related work. Based on the result of performance comparison conducted by four performance metrics, it shows that MCRP can achieve more advantages for WSNs in terms of energy consumption, FND and LND, network stability, and network lifetime compared to other algorithms such as CCBRP and TSCP.
II. RELATED WORKS
Over the past few years, considerable interest has received by designing energy efficient algorithms for routing the data collected from static sensor nodes in the region of interest and then forwarded to a static base station. The current improvement of energy efficient routing algorithms is a result of two wellknown routing algorithms, which are Leach [5] , and Pegasis [6] . Leach is a hierarchical, one-hope data routing algorithm, which was introduced to maintain the lifetime of WSNs. However, cluster heads nodes are not well distributed and a great share of the network energy is depleted through the algorithm overhead [7] . Therefore, Pegasis [6] was presented based on single-chain topology to minimize energy consumption happens by using Leach algorithm during both data transmission and setup stage. However, in Pegasis, there would be a great delay due to the long chain (long path) that is formed to transfer the sensed data. As a result, Pegasis algorithm is considered not suitable for delay sensitive applications due to long delay happened during a long data transmission path. Therefore, many researchers have been attracted to propose and implement solutions that can fix and enhance the performance of routing algorithms for WSNs.
A hybrid data routing technique that combined both Pegasis and Leach protocols is presented as a novel energy efficient clustering protocol (NEECP) [8] . The NEECP is mainly presented to increase the network lifetime. The selection of cluster heads nodes is done based on an adjustable energy efficient equation compared to Leach. In addition, aggregating the sensed data within each cluster is accomplished based on chaining technique used in Pegasis. The authors of NEECP provides two versions of this protocol one does not use data aggregation and the other is considering data aggregation process. Even though the NEECP has succeeded in minimizing energy consumption compared to Leach but it increased the routing overhead in compare with Pegasis due to the periodic use of a complex equation to select cluster heads.
Another hybrid routing algorithm that aims to minimize energy consumption in WSNs and consequently prolong its lifetime has introduced in [9] . Author of [9] has presented an Enhanced chain-cluster based mixed routing algorithm (E-CCM) that combine the advantages of both chain and clustering techniques. This algorithm has a grid-based topology and it does its job throughout two stages; the initialization stage and transmission stage. It is designed using a chain and cluster techniques, so it is a type of hybrid hierarchical routing algorithms. Equation (1) is used for selecting the head node of the WSN, a sensor node that contains the greatest selection value (SV) is selected to operate as the network head. The network head is responsible for gathering data packets from chain heads, aggregate it, and then forward it to the base station. In addition, E-CCM is applicable to those sensor networks that have a symmetrical preset deployment of sensor nodes over the sensing field. As a consequent, it will not work properly with an application that involves distributing sensor nodes randomly over the sensing area [9] .
SVi = Er(i) / adist(ni , nBS)
Er(i) stands for residual energy available in each sensor node, distance from node i to base station is denoted by adist (ni, nBS). The E-CCM algorithm could meet its design goal, which is mainly balancing energy dissipation by selecting the head node, as shown in equation (1) .
Authors in [10] aimed to achieve load balancing among cluster heads nodes and decreasing energy dissipation due to inter-cluster data routing that leads to extend the network lifetime for the entire WSN. Therefore, they proposed an energy-efficient routing algorithm depending on Unequal Clustering Theory and Connected Graph Theory for WSN. Two aspects represent the contribution of this algorithm: cluster head selection and cluster routing. Cluster head selection is accomplished using the voting process, and the transmission energy of each sensor node. Then, they utilized the connected graph theory for inter-cluster data communication (transmitting the sensed data to the cluster head node). Eventually, the network communication path is completed by constituting a connected graph between the base station and all cluster head nodes. The non-CH nodes use a fitness function in order to decide which is the most cluster head to join. The UCCGRA has achieved its design goals by load balancing and minimizing energy consumption, but along with more complexity and overhead in the data routing.
In order to take the advantage of low energy consumption rate in Pegasis and eliminate the main drawback of long data transmission path that leads to a great delay, authors of [11] present Distributed Pegasis (DPegasis). This algorithm could decrease the long transmission path by dividing the sensor network into smaller slices or zones each of which is responsible for constructing its own chain depending on Pegasis. The zone width is equal to optimized transmission distance and it is determined by using a complex equation derived from [12] and [13] . Another complex equation is used in Dpegasis algorithm to ensure that at least one node is available in each zone. The DPegasis has increased the delay of long path data transmission, yet it added more complexity in the design of this routing approach, which means more overhead.
Ant colony optimization is used in [14] to obtain the optimal chain in a chain based routing scheme for WSNs. The contribution of this work is represented by the integration of clustering mechanism (Leach) with chain approach (Pegasis) along with Ant Colony Optimization technique. The design of PEG-ACO protocol aims to prolong the network lifetime and decrease data transmission delay compared to Pegasis. The design goals are achieved by accomplishing three main objectives: reducing data redundancy, reducing neighbor nodes distance and transmission delay related to the long path, and utilizing an appropriate method for selecting CHs nodes. Yet, the PEG-ACO routing process still has great overhead due to ant colony calculation function that is used by each node (ant) to decide which colony is going to join as well as overhead from calculations of periodic CHs nodes selection.
A Two-stage chain routing protocol for WSNs (TSCP) is presented in [4] . The TSCP is presented to mainly prolong the network lifetime by minimizing the energy consumption in each sensor node, which can reflect on the total energy consumption of the entire network. In addition, the authors of TSCP aimed to achieve longer stability period by distributing the load evenly among all sensor nodes with the region of interest. The operation of TCSP is done throughout two stages: the formation of horizontal chains, and the formation of a vertical chain. At the beginning of the first stage, the sensor network is divided into horizontal chains and then a node within each individual chain is selected to serve as a head node for other chain members. Selecting the chain head nodes is done through a periodic manner using simple approach (e.g., the first node in each individual chain will operate as the chain head for the first sensing round and so on) [4] . The second stage begins when all chain head nodes construct a vertical chain. Furthermore, the node in the vertical chain that currently contains the greater amount of energy is selected to be the vertical chain head node (head node of the entire network) [4] . The TSCP algorithm could achieve its design goals and outperform Pegasis and other related algorithms in different performance metrics as well as simplified the complexity happened during periodic CHs selection. However, the selection of CHs nodes selection can be optimized without affecting its simplicity.
It can be clearly seen that most of the proposed routing algorithms are presented to develop an approach for extending the network lifetime without taking into consideration the overhead produced by their work. This overhead mainly happens due to the complexity of fitness function used for selecting CHs nodes and some algorithms includes more complex functions for deciding the number of clusters and the size of each cluster such as Ant Colony and Unequal clustering theories. Thus, designing a routing algorithm that is able to extend the network lifetime must be accomplished without compromising the algorithm simplicity.
III. MCRP APPROACH
In this section, the proposed protocol is illustrated in detail. The proposed approach is called Multiple Chain Based Routing Protocol (MCRP) that belongs to chain-based routing techniques. MCRP algorithm includes two phases: initialization phase, and data transmission phase. The contribution of this research is to reduce data transmission distance by using multihop communications and minimize the excessive energy consumption in CHs nodes by adopting a simple and effective method for selecting the CHs nodes. Selecting CHs nodes process combines the remaining energy of each sensor node and the distance from each node to the base station.
The MCRP algorithm fits perfectly with grid-based network topology of WSNs in which the base station is located outside the region of interest and is aware of sensor nodes locations. Sensor nodes distribution is done using the deterministic method since it requires fewer sensor nodes compared to random distribution in order to get the same level of data accuracy [15] . Due to the predetermined distribution of sensor nodes and gridbased network topology, the MCRP algorithm can be typically utilized in agriculture monitoring systems (e.g. greenhouse conditions) [16] , and smart home monitoring systems [17] .
A. Initialization Phase
In this phase, MCRP divides the network into multiple groups that have the same number of sensor nodes based on the y coordination of each node, sensor nodes that fall into the same y-coordinate belong to the same group. A unique ID is assigned to each sensor node within the network as well as position coordinates (x, y). In every sensing round, one of the nodes in each group will act as a head for other group members. Let us consider there is N sensor node in the WSNs. The sensor nodes are deployed onto the sensing field using (n × n) pattern, where n stands for the number of sensor nodes' groups in the network as well as the number of sensor nodes in each group.
B. Data Transmission Phase
This phase involves two stages: multiple chains setup, and single chain setup.
1) Multiple chains setup:
All sensor node groups will form an independent chain and the head node of the group will represent the chain head. In this stage, selecting the head node is done periodically using the y-coordinate of each node. In other words, since the chains are horizontally formed in this stage, the nodes within the same group (chain) have the same y-coordinate, but they have different, sequenced x-coordinate. Therefore, for the same chain, the node with the lowest xcoordinate will be the head of the first sensing round and this is applicable for all horizontal chains. The reason for using this periodic way for selecting the head is to keep all heads on the same column and we can assure that the distance between head nodes is as small as possible. Every sensor node will transmit its data packet to the nearest neighbor on the way to its chain head using multi-hop communication. The moment that a node gets its neighbor data packet, it aggregates this packet with its own data packet and forwards it to the next neighbor and so on until all data are gathered in the chain head. The chain head gets data packet from its closest neighbor and combines it with its sensed data.
2) Single chain setup: When aggregated data packets become available in the chain head nodes, a new chain (vertical chain) will be formed and includes all chain head nodes. After that, one of the sensor nodes will be selected to operate as the head of the vertical chain (network head). The selection strategy combines two factors: The distance length from the node to the base station, and the current amount of energy available in the sensor node. So that, (1) is implemented to determine the main head of the network. After selecting the network head, data transmission will follow the same style as in step (1) . When the main head gets the data, it will aggregate the received data packets with its own packet and forward the produced packet to the base station. A complete sensing round is done When the last packet reaches the base station.
IV. SYSTEM MODEL
The radio model used for the MCRP algorithm is first order radio transceiver [1] , [4] . The parameters of this radio model are utilized in order to calculate the energy dissipated during the transmission and receiving operations. Equations (2) and (3) are implemented to determine energy consumption during the transmitting ETx and the receiving ERx of data packets.
ETx(k, d)= Eelec × k + Eamp× k × d
 
ERx(k)= Eelec × k 
Eelec stands for the required energy order to run the transmitter or the receiver, k denotes the size of data packets, Eamp indicates the consumed energy while running the amplifier, and d represents of data transmission distance [4] . The schematic diagram of the first order radio model is shown in Fig.1 . Fig. 1 . First order radio model.
V. SIMULATION
MCRP, TSCP, and CCBRP algorithms are simulated by MATLAB to evaluate their performance using different performance metrics. MATLAB is a numerical computing environment that allows the user to implement algorithms, plot functions, and data, manipulate matrixes, create a user interface and interface the program with other software, which might use other programming languages [18] .
A. Network Model
Sensor nodes are evenly deployed over a 2-D area, and base station location is settled outside the network. The number of used sensor nodes is 225 and they are distributed as (15 × 15) pattern. The distance between sensor nodes is fixed and it equals to 10 square meters.
 Sensing round (SR), the unit time used to complete the multiple chain formation, the single chain formation, and data gathering process from all alive sensor nodes within the region of interest [7] .
 The initial energy of all sensor nodes is the same (nodes are homogeneous).
 The radio channel is identical, which means the energy consumed due to transmitting a data packet between nodes A and B is the same energy as the reversed transmission.
 All nodes are able to establish direct communication with the base station and they are able to vary the amount of transmission power using power control.
 The energy consumed throughout data transmission is affected by the length of the path between sender and receiver as well as the transmitted data packet size.
 Data aggregation process depletes an amount of energy equals to 5nJ/bit/message [4] .
B. Parameters
In order to simulate the proposed algorithm MCRP and compare its behavior with the existing work such as TSCP and CCBRP algorithms, we use some parameters during the simulation. Table I shows more details about the parameters utilized in the simulation. 
C. Simulation Results
The simulation process of the proposed algorithm and two other algorithms is carried out using MATLAB. We deployed the nodes and then run the simulation until all sensor nodes expend their energy. The performance evaluation and comparison are done using four metrics: Network lifetime, FND and LND, network stability, and energy consumption. The layout of sensor nodes distribution over the sensing field is shown in Fig. 2 . 
1) Network lifetime:
It represents the period between sensor nodes deployment until the moment that the sensor network is considered as non-functional [19] . The non-functional case happens in WSNs depending on application demands. For example, it can be defined as the period from first sensing round until first sensor node dies, the period from first sensing round until certain portion of nodes dies, or the period from first sensing round until all sensor nodes within the WSN die [19] .
In our work, the network lifetime is determined using the number of completed sensing rounds (SR) and it is counted until all sensor nodes in the network die, or inability to reach the BS [7] . A number of sensing rounds are used to determine the period of the network lifetime. Fig. 3 shows the performance comparison based on Network lifetime for CCBRP, TSCP, and MCRP algorithms. Equation (4) is implemented to determine the percentage of improvement in MCRP over TSCP and CCBRP algorithms, and it can be used to determine the percentage of increase in different applications. (4) show that MCRP has an improvement in about 9% and 19% over TSCP and CCBRP algorithms respectively.
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2) FND and LND (First Node and Last Node Died):
It shows within how many sensing rounds the first node in each algorithm will die and within how many sensing rounds the last node will die as illustrated in We can see that the MCRP algorithm could achieve about 35% and 4% improvements over CCBRP and TSCP algorithms respectively when the first node dies. On the other hand, the MCRP algorithm achieves about 19% and 9% improvements over CCBRP and TSCP algorithms respectively when the last node dies. Thereby, the MCRP algorithm shows remarkable performance in comparison with CCBRP and TSCP algorithms using FND and LND performance metrics.
3) Network stability: It is one of the major concerns in the operation of WSNs. Many applications of WSNs require guaranteed connectivity, sensing, and coverage during its operative time. When the nodes start to die, this might lead to instability in the network operation [2] . Thus, to obtain the best performance from WSNs, all nodes in the network are needed to still alive as long as possible. In other words, the network is considered optimally stable when all nodes are alive. As a result, the network instability period is considered from the moment when the first node dies until all sensor nodes die. Table II presents the stability period during the network lifetime using different algorithms. Moreover, in the table, we can see the length of the stability period in MCRP algorithm is the highest one compared to CCBRP and TSCP algorithms. The improvement of the MCRP algorithm is almost 4% and 35% over TSCP and CCBRP algorithms respectively in term of stability period. Equation (4) is implemented to calculate the stability period improvement. 
4) Energy consumption:
In this metric, we will compare the amount of energy consumption in all algorithms used in this research during their lifetime. During data routing, there are three factors that consume energy, which is sending, receiving, and aggregating data packets. We use Equations (2) and (3) are used to calculate the dissipation of energy during transmitting and receiving data packets respectively. In addition, an equation for data aggregation used in [9] is implemented to calculate the consumption of energy due to data aggregation. The scale that we will use for comparison is the number of sensing rounds [7] . Therefore, the comparison will be the amount of energy consumption versus the number of sensing rounds. The improvement achieved in MCRP algorithm over other algorithms in term of energy consumption can be clearly seen in Fig. 5 . From Fig. 5 , we can see the stable energy consumption of MCRP algorithm over the sensing rounds. This stable consumption leads to an increase in the lifetime of the entire network. Moreover, decreasing the energy consumption and maintain the stability of this consumption reflects positively on balancing the load among sensor nodes, which reflect positively on the stability period during network lifetime.
VI. CONCLUSION
Designing energy efficient routing algorithm for WSNs has attracted the attention of various research since it plays an important role in the efficiency and the lifetime of WSNs. This work presents a chain-based routing algorithm called MCRP that aims to increase two crucial factors in the operation of WSNs: network lifetime, and network stability period. MCRP algorithm could reach its main design goals by achieving three processes, which can lead to a significant performance by distributing the load of data traffic as evenly as possible among all sensor nodes, minimizing data transmission distance, and selecting CHs nodes in a simple and efficient mechanism.
Simulation results show that the MCRP outperforms CCBRP and TSCP algorithms using four performance metrics: network lifetime, FND and LND, network stability period, and energy consumption. MCRP algorithm extends the network lifetime by 9% and 19% compared to TSCP and CCBRP algorithms, respectively. In term of network stability, the MCRP increases the network stability period of WSNs in almost 4% and 35% in comparison with TSCP and CCBRP algorithms respectively.
For further optimization on MCRP, we are planning to evaluate the End-to-end delay, packet loss, and throughput in the three mentioned algorithms, CCBRP, TSCP, and MCRP.
